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Abstract 
This paper proposes the modeling indicators of quality of life of those communities in remote areas which 
received the Solar Home System (SHS) benefit. The questionnaire was designed by survey method using in-depth 
interview from the professional trainee. The surveyed data was classified using the Analysis Hierarchy Process 
(AHP) method. The target group was classified into three groups, namely the community committee, committee of 
sub-district and academic persons. The experimental results obtained from four rural villages show that weighted 
important value of sustainable development indicators are 0.5963, 0.2546 and 0.1491 for the social, economy and 
environment indicators, respectively. In order to consider on the indicators for communities quality of life of those 
SHS installation households in remote areas, this result will be applied to design both the questionnaire and 
constraints in optimization technique for the further research.  
 
Keywords: Quality of Life, Solar Home System, Analysis Hierarchy Process; 
 
1. Introduction 
Currently, the electricity is a necessity for improving the livelihood of rural households, however grid 
expansion often requires expansion often requires expensive financial investment in infrastructure (power  
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Nomenclature 
GHG Green House Gas  
PEA  Provincial Electricity Authority 
SHS Solar Home System 
QOL Quality of Life 
AHP Analytic Hierarchy Process 
PV Photovoltaic 
Wp Watt peak 
TV Television 
SPSS Statistical Package for Social Science 
CO2 Carbon dioxide 
X Variable of importance intensity 
Y Variable of importance intensity 
aij  the importance intensity of the ith factor compared with the jth factor 
A  Pairwise Comparison Matrix 
iZ  Weight Vector 
Omax Largest Eigenvalue of Matrix 
CR Consistency Ratio 
CI Consistency Index 
RI Random Index 
 
stations, substations, transmission lines, etc.) [1], such as in Thailand, grid expansion also implies an 
increased dependence on fossil fuels and incremental emissions of greenhouse gases (GHG) increased 
dependence on fossil fuels and incremental emissions of greenhouse gases (GHG). Therefore, Ministry of 
Energy has planned to have the renewable energy section about 20.3 percentages within 2020 [2].  
     The electricity generation from solar energy or photovoltaic is the one of important policy because it is 
local in tropical areas. The provincial electricity authority (PEA) of Thailand had been installed Solar 
Home System (SHS) of 203,000 households from 2005-2006 [3]. The proposed installation of government 
was to improve the quality of life (QOL) for the rural areas community that had no electricity from 
transmission line. The result of evaluation in SHS found that the average satisfied toward SHS application 
as moderate level [3]. The most of end-user energy needs to install the grid connected system more than 
SHS stand alone system because the typical SHS provides the limited energy for lighting, and TV or radio 
within the limited time periods [4-5]. The demand and growth rate for energy services in rural areas tends 
to be relatively low [6] and has been a key justification for SHS. Therefore, SHS was not sustained in 
Thailand community because it cannot support QOL. The purpose of this paper is to determine the 
indicators for communities QOL of those SHSs installation households in remote areas for quantifying 
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the weight of each QOL indicator, based on survey questionnaire, depth interview and focus group 
discussions and AHP technique for developing appropriate SHS in the future. 
The structure of this paper is organized as follows, section 2 describes the term QOL. The typical 
solar home systems configuration is presented in section 3.  Section 4 shows the methodology of the study 
as involving survey method, depth interview, analytic hierarchy process (AHP) application to select and 
weight indicators QOL in a group discussion system. Section 5 summarizes the case of three groups that 
survey questionnaire and focus group discussions. After that, the discussion is given in section 6. Finally, 
the conclusion is expressed in section 7. 
2. Quality of Life 
The term quality of life has been widely used in a number of disciplines to express the idea of personal 
wellbeing in a framework, which goes beyond the simple economist equation of well-being with income.  
Thus, this study shown that the QOL concept has the same components as the concept of sustainable 
development. 
On the other hand, QOL is dependent on cultural perspectives and values. Values, the attributes of our 
world, that we believe, are functionally important, morally good, or personally desirable, are derived from 
our individual perspectives. Our age, ethnicity, gender, socio-economic status, education, health, religion, 
occupation, etc. These differences in personal experience lead us to different beliefs about what is 
important, good, or desirable. These beliefs, or values, determine are not only what we believe makes 
good quality of life, but also what conditions represent a quality of life problem [7]. 
In this paper, QOL concept is the satisfaction of household on the viability of SHS. So, QOL indices 
use the framework proposed for sustainable development indicators selection in term of social, economic 
and environment.  It allows to combine the objective and subjective measures of QOL. Fig.1 shows the 
conceptual frameworks for QOL from SHS indicators used to studied find out the indicator of QOL in 
remote areas, which received the SHS benefit for this kind of study.  
 
Fig. 1. Conceptual frameworks for QOL from SHS indicators.  
3. Solar Home System 
Accordingly, SHS based on photovoltaic (PV) systems for individual households are becoming more 
popular in non-electrified areas of developing countries as an affordable alternative for obtaining access to 
electricity. Unfortunately, the amount of sunshine combined with the relatively small size of SHS at the 
household level effectively limit electricity generating capacity. The home-lighting systems are powered 
by solar energy using solar cells that convert solar energy directly to electricity. The electricity is stored 
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in batteries and used for the purpose of lighting whenever required. These systems are useful in non-
electrified rural areas and as reliable emergency lighting system for important domestic, commercial and 
industrial applications. Fig. 2 shows a typical SHS configuration shown with optional module and battery. 
The SHS is a fixed installation designed for domestic application. The system comprises of solar PV 
module, charge controller, battery, lighting system and television. 
The solar module is installed in the open on roof/terrace-exposed to sunlight and the charge controller 
and battery are kept inside a protected place in the house. The solar module requires periodic dusting for 
effective performance [8]. 
Accordingly, as the production of electricity is typically in 120 Watt peak (Wp), SHS would normally 
allow households to use only low-powered electrical devices such as electric lamps, cassette players and 
(black and white) television (TV). It was promoted in Thailand, remote areas, for off-grid regions by 
PEA. As the contribution of SHS in rural households, they were proposed to extensive in terms of 
convenience, improvement in living standard, basic energy need (light) and enjoying entertainment program 
and understanding updated news. 
 
 
 
Fig. 2. Typical solar home systems configuration [8]. 
4.  Methodology 
     The methodology of the study involved as follows: 
 
x    Carrying out a survey of rural SHS users in remote areas encompassing the economic, social, and         
environmental aspects of rural life and find out QOL indicators associated with SHS from the point of   
view of remote areas communities and expert opinions. 
x    Analysis data was undertaken using MS-Excel and AHP process. 
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4.1 Study area 
 
The study area under consideration has been installed SHS and located in remote areas. Then, the 
survey was conducted during December 6-9, 2010 in four rural villages (Are-do, Sam-sung, Are-lae and 
Hoi-mak) of Mae Salong Nai sub-district, Chaing Rai Province in northern Thailand, as shown in Fig 3. 
Mae Salong Nai sub-district belongs to 127 households without grid connections because it is remote and 
difficult areas such as forests, hill, and not convenient transportation. Then, SHS was selected by PEA to 
alleviate end-user community poverty because it was achieved a reduction in carbon dioxide (CO2) 
emissions lowest cost that also promotes sustainable development in Thailand.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Map of study area.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Home which is SHS installation at Mae Salong Nai sub-district, Chaing Rai. 
Shot cut 
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4.2 Survey questionnaire  
 Literature review of local and overseas studies was made to identify factors of OQL from SHS and to 
devise a structure for the questionnaire survey and summited to experts, which included questions on the 
following issues: 
x Concept QOL for community of  Mae Salon Nai, 
x QOL indicators for appropriate SHS development, and 
x Suggestion to develop SHS in the future. 
Three types of question were used. Open ended and open text questions were used to know the opinion 
on the concept of QOL for community of Mae Salong Nai and identify factors indicating OQL stemmed 
from using SHS. Two-choice questions, agreement and disagreement, were used to find QOL indices that 
appropriate to develop SHS. Numeric weighting scale in Table 1 were used to decide the weight of each 
coefficient/index in modeling communities QOL in the remote areas by AHP in order to develop 
appropriate SHS in the future. 
 
4.3 Focus group discussions 
Seventeen peoples were querying as experts during interviews one at a time. They are the community 
committee, committee of sub-district and academic persons. Fig.5 show the percentage of focus group 
proportion participated in the discussions. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Percentage of focus group discussions. 
 
4.4 Weighting through the AHP 
 
 After focus group discussions, we need to decide the weight of each coefficient/index for communities 
QOL. In this paper, the AHP an effective modelling method developed by Saaty [9] was applied to 
calculate weighted scores for each of QOL indices in the studied communities since it has became quite 
popular in scientific research for solving complex problems [10-13]. Generally, the measurement  scale of 
1-9 is used to represent such relative importance, as shown in Table 1. This method can be used to 
convert qualitative data acquired from expert opinions or relevant professional knowledge into 
quantitative data. However, when the objective data used for deducing the importance among various 
factors are available. The elements of judgment matrix can also be determined by these objective data.  
Xu, et.al [13] suggested that the analytic process of AHP should comply with the following steps :   
 
1) The pairwise comparison matrix (also called the judgment matrix) is constructed according to the 
above-mentioned method and Table 2. 
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Table 1. Analytical hierarchy process scale [13]. 
 
Importance 
intensity Definition 
Meaning 
(X compared with Y) 
1 Equal importance X  is as equally important as Y 
3 Moderate importance X  is moderately more important than Y 
5 Strong importance X  is strongly more important than Y 
7 Very strong importance X  is very strongly more important than Y 
9 Extreme importance X  is extremely more important than Y 
2,4,6,8 Intermediate values X  is compromise between two judgment of  Y 
 
 
Table 2. Average random consistencies (RI) [14]. 
 
Dimension 1 2 3 4 5 6 7 8 9 10 
Random Index 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 1.49 
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where aij is the importance intensity of the ith factor compared with the jth factor. 
 
2) The elements of matrix A are normalized according to the following formula: 
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Then, normalization matrix A  can be obtained 
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5) The maximum value Omax is calculated as follows: 
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1
1 m i
i i
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O Z  ¦       (6) 
 
6) Finally, a consistency check is carried out by calculating the consistency ratio (CR) 
 
   /CR CI RI        (7) 
 
where RI is the random index. The values of RI, which change with variations in dimensions, are shown in 
Table 2. CI is the consistency index, and can be calculated by 
 
   max
1
m
CI
m
O          (8) 
 
In Eq. (6), m is the dimension of the comparison matrix. Generally, if CR < 0.05 for matrices of size 
three, the calculation results are passed through the consistency check, whereas if CR ≥ 0.05, it is 
advisable to adjust the judgment matrix and recalculate until the results can pass through the consistency 
check. 
5. Experimental Results 
5.1 Agreement on QOL opinions 
Most of group discussions concluded that enough income, no debt, well being and easiness in living are  
the concept of QOL for community of Mae Salong Nai. All of them were agreed that good QOL should 
compose 3 indices, social, economic and environment. The QOL indicators associated with SHS in 3 indices 
are given below: 
x Social factors : the lifestyle benefits in term of  the use of electric lights, watching TV such as 
enjoying entertainment program and understanding updated news, enjoy with family and the meeting 
of a village at night. 
x Economic factors: electric lights can help household to adds income from an occupation at night and 
reduce expenses in fuel for the light. 
x Environment factors : friendly with environmental and a reduction in greenhouse gas emissions. 
 
Table 3 shows the responsive opinion of group discussions on QOL indices for developing appropriate 
SHS. The framework for modeling communities QOL indicators in developing SHS in remote areas was then 
created based on the agreement of opinion as shown in Fig.6.  
 
5.2 Hierarchy and weight of QOL indicators 
 
Based on the AHP main procedure, the following outputs are obtained : 
 
1) A hierarchy structure : As for key person pointed out the indicators for modeling communities 
QOL from using SHS in remote areas, each evaluation factor comprises several levels (Fig.6), including 
the goal hierarchy (Level 1), criteria hierarchy (Level 2) and sub-criteria hierarchy (Level 3). The geometric 
mean for each criteria (social, economic and environment) was calculated by formulae (1). The pair-wife 
comparison among criteria was then proceeded to obtain the aggregated pair-wise comparison matrix as 
shown in Table 4. 
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Table 3. Percentage of opinion agreement on QOL indices for developing appropriate SHS. 
 
 
Indicators Indices Percentage of respondents  
Social 
 Benefit from SHS 100.00 
 A kind of the electric appliances that uses from SHS 58.85 
 Period for using electricity from SHS 58.85 
Economic 
 Financial  cost of SHS 69.23 
 Mantanance cost of SHS 67.92 
 Reduce expenses in fuel for the light 84.62 
Environment 
 Reduction in greenhouse gas emissions 46.15 
 Visaul pollution 15.38 
 Friendly with environment Suggestion in focus group discussions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
Fig.6. Framework for the modeling communities QOL indicators for developing SHS in remote areas  formulated  based opinion 
agreement (Table 3). 
 
Table 4. Aggregate pair-wise comparison matrix for criteria of level 2. 
 
 Social Economic Environment 
Social 1.000 2.447 3.835 
Economic 0.409 1.000 1.784 
Environment 0.261 0.561 1.000 
 
2) Weights of the criteria and sub-criteria : The sub-criteria of Level 3 are calculated in the same 
manner as that shown in Table 4. By using the aggregated pair-wise comparison process, the weights of 
criteria (Level 2) and sub-criteria (Level 3) are thus calculated by formulae (2) to (5) based on data in 
Level 1: Level 2: Criteria Level 3: Sub-criteria 
 Benefit from SHS 
 A kind of the electric appliances                 
that uses from SHS 
 Period for using electricity from SHS 
 Financial  cost of SHS 
 Mantanance cost of SHS 
 Reduce expenses in fuel for the light 
 Reduction in greenhouse gas emissions 
 Visaul pollution 
 Frienely with environment 
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Table 4 and deep interview. Table 5 summarized the result of eigenvectors for each criteria and sub-criteria 
reflecting the weight of QOL indicators suggested by 17 experts. The weights of overall level are the 
values that multiply between weights of criteria and weights of sub-criteria. Their weight values are used 
for ordering QOL indicators for developing SHS in remote areas. 
 
Table 5. Weights of the criteria and sub-criteria for QOL determination. 
 
Criteria Weights of criteria Sub-criteria 
Weights of  
sub criteria 
Weights of 
overall 
levels 
Order 
Social 0.5963 
  Benefit from SHS 0.3440 0.2051 2 
  A kind of the  electric appliances     
 that uses from SHS 0.1823 
0.1087 
 
4 
  Period for using electricity from SHS 0.4737 0.2824 1 
Economic 0.2546 
  Financial  cost 0.4735 0.1205 3 
  Maintenance cost 0.3180 0.0810 5 
  Reduce expenses in fuel for the light 0.2086 0.0531 7 
Environment 0.1491 
 Reduction in greenhouse gas emissions 0.4752 0.0709 6 
 Visual pollution 0.2135 0.0318 9 
 Frienely with environment 0.3113 0.0464 8 
 
3) Consistency check of evaluated weights : A consistency check is carried-out by computing the 
consistency ratio (CR) that is given in formulae (6) to (8), if CR< 0.05, the results are passed through the 
consistency check, whereas if CR ≥ 0.05. Table 6 shows the result of consistency test and CR < 0.05, 
indicating that the answer of weights of the criteria and sub-criteria are acceptable. 
 
Table 6. Consistency check of weight of the criteria and sub-criteria. 
 
Consistency check Check of weight         of the criteria in level 2 
Check of weight 
of the sub-criteria in level 3 
Omax 0.0019 3.0002 3.0004 3.0105 
CI 0.0009 0.0001 0.0002 0.0053 
CR 0.0016 0.0001 0.0004 0.0091 
 
4) The relative weight of the elements for each level : Table 5 showed the results for the relative 
weight of the elements of each level. The managing of the competitive advantage of 17 key persons 
considers the proper order as the ‘‘social (0.5963) > economic (0.2546) > environment (0.1491)’’.  
Regarding the weight of sub-criteria, the important indicators for social factors are period of using 
electricity from SHS (0.4737), as achieved benefit from SHS (0.3440) and a kind of the electric 
appliances that uses from SHS (0.1823), respectively. For the economic criteria, the financial cost 
(0.4735) of Mae salong nai is essential, as maintenance cost (0.3180) and reduce expenses in fuel for the 
light (0.2086), respectively. Finally, the environment criteria, reduction in greenhouse gas emissions 
(0.4752) is more important than the friendly with environment (0.3113) and visual pollution (0.2135).  
Among the weights of overall levels for determining QOL, the highest important indicator is period 
for using electricity from SHS (0.2824) and the least is visual pollution (0.0318). 
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6. Discussion 
The survey found that all stake-holders in four rural villages at Mae Salong Nai community are the 
Akha ethnic group. Most of them living in bamboo houses in the hilly areas. Their incomes mostly come 
from agriculture and usually have a close communication with other communities. So, they have simple 
livelihood. The experts had analyzed based on the concept of QOL for households indicators and indicated 
that enough income, no debt, well-being, and easiness in living, were the important indicators.  
As they are having uncomfortable life, not convenient transportation, use mainly kerosene lamps 
or/and candles for lighting and no electricity from transmission line, so SHS project was proposed to 
install in remote areas by PEA but with limited government budget. Therefore, the electricity from SHS 
had limited of 120 Watt, which typically involve 2-3 hours of light and the possibility of 1-2 hours of TV 
watching. The end-users could not make decision how much and what kind of load they can consume the 
energy. The social factors are thus judged by the experts as the most important to that community because 
such permitted energy could not support QOL in those end-users. The economic factors are considered to 
be more important than environment factors because their community is surrounded by forests and good 
environment. Although those who live in these remote areas can survive with sufficiency economy, they, 
however, still need more extra income to support the QOL by using SHS working at night time.  
Among the weights of overall levels (Table 5), the period for using electricity from SHS are the highest 
weight indicators because the SHS has been installed longer than 5 years, the quality and life cycle of 
battery have been reduced. So, the function at the present is failed in good quality components and 
preserved electric energy. This kind of problem is supported by Gustavsson and Mtonga [15-16] who stated 
that 1-year-old batteries in the systems operated by LESCO have less than 80 % of the capacity. The 
visual pollution are the least weight because the most opinion of expert supported that the SHS benefit 
improve QOL for households’livelihood. The lighting provides an increase in usage duration to learn 
more knowledge from books and TV. As well as Gustavsson [16] supported that children in households 
with solar electric services were able to study after dusk, while children in households with kerosene or 
candles did not study at night to the same extent. The results obtained from the questionnaire, also show that 
the users favor the SHS in providing better light and more entertainment than thinking about visual 
pollution.  
Reliability of indicators for communities’QOL gained from the SHS benefit is, however, very closely 
linked to the user behavior and the normal SHS function. The field observation also confirmed that, most 
of SHS were found out of work due to component failures and no monitoring or maintenance. Therefore, 
it is one of the points that SHS cannot be sustained in long term. Without monitoring and consultation 
with the community on program development by officials the SHS will not be sustainable as that stated 
by Ketologetswa and Mothudi [17] that sustainability of PV solar power generation in rural communities 
should be variations in fee-for-service costs based on economic status of house-owners using PV systems 
for power generation. 
 
7. Conclusion  
This article was to determine the indicators for communities QOL of those SHSs installation 
households in Mae Salong Nai subdistrict, Chaing Rai Province. It could be criticized by the community 
committee, the committee of sub-district and the academic persons, based on questionnaire survey, focus 
group discussions and deep interviews technique. The concept of QOL for households livelihood in Mae 
Salong Nai community had concluded that enough income, no debt, well-being, and easiness in living. The 
important indicators of QOL applied for the further investigation on optimization technique obtained from 
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AHP method are social (0.5963) > economic (0.2546) > environment (0.1491), respectively. Regarding to 
the weights of overall levels, the period for using electricity from SHS are the highest weight (0.2824) 
and the visual pollution are the least weight (0.0318). The results of this paper, both the satisfied and 
important indicators previousely mentioned will be used to design questionnaire and constraints for 
further investigation on QOL optimization technique.  
Acknowledgements 
    We are grateful to Energy Conservation Promotion, Ministry of Energy, Thailand for its financial 
support to carry out this study as a part of modeling remote area community QOL for developing 
appropriate PV system operations research.  
References 
[1] Komatsu, S., Kaneko S., Ghosh, P. Are micro-benefits negligible? The implications of the rapid expansion of Solar Home 
Systems (SHS) in rural Bangladesh for sustainable development. Energy Policy 2011; 39:4022-4031.  
[2] Energy Policy and Planning Office, Ministry of Energy, Thailand, Available from http://www.eppo.go.th/index-T.html; 2011. 
[3] Watjanatepin, N. Boonmee, C., Unahalekhaka, P., Srisongkram, W., Kruehong, T., Wannasut, C. Evaluation of electrical 
service acceleration project by solar home system in Thailand. In Proceedings of the Energy Network Conference. 
Nakronpatom, Thailand, 14-16 May 2008.  
[4] Wamukonya, N., Davis, M. Socio-economic impacts of rural electrification in Namibia: comparisons between grid, solar and 
unelectrified households. Energy for Sustainable Development 2001;5:5-13.  
[5] Wamukonya, N. Solar home system electrification as a viable technology option for Africa’s development. Energy Policy 
2001;35:6-14. 
[6] Davis, M. A financial analysis of solar home systems dissemination. Energy & Development Research Centre, University of 
Cape Town, 1996. 
[7] Irina, G. M. and Yuri A. P. Quality-of-life indicators at different scales : Theoretical background. Ecological Indicators 
2008;8:854-862. 
[8] Purohit, P. CO2 emissions mitigation potential of solar home systems under clean development mechanism in India. Energy 
2009;34:1014-1023. 
[9] Saaty, T.L. How to make a decision: the analytic hierarchy process. European Journal of Operational Research 1990;48: 9-26. 
[10] Vaidya, O.S., Kumar, S., Analytic hierarchy process: an overview of applications. European Journal of Operational Research 
2006;169:13-29. 
[11] Chatzimouratidis, A.I., Pilavachi, A. Objective and subjective evaluation of power plants and their non-radioactive emissions 
using the analytic hierarchy process. Energy Policy 2007;35:4027-4038. 
[12] Lee, D.J., Hwang, J. Decision support for selecting exportable nuclear technology using the analytic hierarchy process: a 
Korean case. Energy Policy 2010;38:161-167. 
[13] Xu, G., Yuan, Y., Lu, S., Li, L. and Song, X. Comprehensive evaluation of coal-fired power plants based on grey relational 
analysis and analytic hierarchy process. Energy Policy 2011;39:2343-2351. 
[14] Al-Harbi, K.M.A.-S. Application of the AHP in project management. Project Management 2001;19:19-27. 
[15] Gustavsson M, Mtonga D. Lead-acid battery capacity in solar home systems-field tests and experiences from Lundazi energy 
service company, Zambia. Sol Energy 2005;79(5):551-8. 
[16] Gustavsson, M. With time comes increased loads-An analysis of solar home system use in Lundazi, Zambia. Renewable 
Energy 2007;32:796-813.  
[17] Ketologetswa, C. and Mothudi, T.H. Solar home systems in Botswana-Opportunities and constraints. Renewable and 
Sustainable Energy Reviews 2009;13:1675-1678. 
 
 
 
 
 
